Minimal inhibitory concentration (MIC) values for penicillin G, tetracycline, amoxicillin, and actinomycin D were determined for 81 strains of Neisseria gonorrhoeae isolated from patients attending public health clinics in the Piedmont region of South Carolina. Gonococcal isolates were also screened for highlevel resistance to streptomycin. Significant positive correlations (r -0.45, P c 0.01) were found between all possible pairs of the antibiotics penicillin G, tetracycline, and amoxicillin. The MIC values of actinomycin D showed no significant positive correlations with the MIC values of the other antibiotics. Gonococcal strains that were resistant to streptomycin tended to be resistant to penicillin G, tetracycline, and amoxicillin. Of the 81 isolates, 18.5% were multiply resistant to penicillin G, tetracycline, amoxicillin, and streptomycin. Spontaneous mutants with reduced antibiotic susceptibility, selected for decreased susceptibility to penicillin G, displayed small decreases in susceptibility to tetracycline, amoxicillin, and actinomycin D. Spontaneous mutants selected for decreased susceptibility to actinomycin D displayed small losses in susceptibility to penicillin G. The results show that multiple antibiotic resistance occurs in clinically isolated gonococcal strains in South Carolina. The results further suggest the presence of a common genetic mechanism determining antibiotic resistance in N. gonorrhoeae.
The inherent ability of Neisseria gonorrhoeae to develop resistance to antibiotics is a major contributing factor to the continuing spread and marked increases in reported gonococcal infections in the past 20 years (20) . Sensitivities of random isolates of N. gonorrhoeae to such clinical antibiotics as penicillin, tetracycline, and streptomycin have significantly decreased in many areas (9, 20, 24) . In addition, several investigators have reported positive correlations between the susceptibilities of individual isolates of N. gonorrhoeae to a wide variety of antibiotics, including penicillin, tetracycline, erythromycin, streptomycin, spiramycin, and chloramphenicol (12, 14, 15) . Multiply antibiotic-resistant gonococcal strains pose a serious problem in the treatment and control of gonorrhea. At this time, the underlying basis for multiple resistance has not been conclusively established. The current need for regional surveillance of gonococcal antibiotic susceptibility levels and regional analysis of levels of multiple antibiotic resistance has been pointed out by several investigators (3, 9, 12, 20, 24) . ' Present address: Department of Immunology and Medical Microbiology, College of Medicine, Box J-266, JHM Health Center, University of Florida, Gainesville, FL 32610.
For the years 1972, 1973, and 1974, South Carolina has ranked first, third, and fifth, respectively, among states in the number of reported gonococcal infections per 100,000 population, and can be considered a problem area in terms of gonorrhea control (1, 2) . In this investigation, we sought to measure the antibiotic susceptibility levels of random isolates of N. gonorrhoeae from a particular region of South Carolina and determine the extent to which these strains were multiply antibiotic resistant. The antibiotics used in this investigation were penicillin G, tetracycline, amoxicillin, streptomycin, and actinomycin D. These antibiotics were chosen for their chemical dissimilarity and their varying modes of action. In addition, multiply antibiotic-resistant mutants were isolated by specific selection for penicillin G and actinomycin D resistance. Our results provide evidence for a common mechanism for multiple antibiotic resistance in N. gonorrhoeae. POWELL Determination of cell survival on increasing concentrations of antibiotics. Gonococcal cells were suspended in broth and adjusted to a turbidity corresponding to 80 to 85 Klett units (approximately 3 x 108 CFU/ml). Suspensions were agitated using a Vortex mixer to minimize cell clumping. Suspensions were 10-5 diluted, and 0.1-ml portions were spread onto the surface of a series of ECA plates containing increasing concentrations of antibiotic and also onto control plates containing no antibiotic. All plating was done in duplicate, and survival determinations were repeated two or more times for each gonococcal strain.
Data analysis. The coefficient of correlation (r) was computed for each pair of antibiotics with the aid of a Monroe 1930 programed calculator, and t tests were used to determine which of the r values differed significantly from zero (19) .
Antibiotics. Sources of antibiotics were: Lilly, penicillin G and streptomycin; Beecham-Massengill, amoxicillin; Lederle, tetracycline; and Merck Sharp & Dohme, actinomycin D.
RESULTS
Antibiotic susceptibility. The measured antibiotic susceptibilities to four antibiotics for 81 strains of N. gonorrhoeae, isolated in Greenville and Anderson, S.C., are shown in Fig. 1 . Penicillin G MIC values ranged from very susceptible (0.004 ,ug/ml) to very resistant (2.0 ,ug/ ml) and were unevenly distributed. Of the 81 isolates 32.1% were resistant to penicillin G (MIC > 0.3 ,ug/ml). Amoxicillin MIC values ranged from 0.015 to 1.0 gg/ml and showed an uneven distribution similar to that of penicillin G. Tetracycline MIC values showed a normal distribution and peaked in a range corresponding to tetracycline resistance (1.0 ,.g/ml). Of the isolates, 23.3% were highly resistant to tetracycline (MIC > 1.0 ug/ml). The range of actinomycin D MIC values was very narrow, with the majority of the gonococcal strains being inhibited by 2.0 jug/ml. Thirty-three (41%) of the 81 gonococcal isolates displayed high-level resistance to streptomycin (MIC > 300 ,Ag/ml). amoxicillin (Table 1) . Representative scattergram plots of penicillin G versus tetracycline and penicillin G versus amoxicillin reveal roughly proportional and continuous relationships over the ranges of MIC values observed ( Fig. 2 and 3) . No significant positive correlations (r < 0.28, P > 0.01) were found between the susceptibilities to actinomycin D and penicillin G, amoxicillin, or tetracycline. The scattergram plot of penicillin G versus actinomycin D is representative and shows no proportional relationship (Fig. 4) .
The percentage of streptomycin-resistant strains at each susceptibility level of penicillin G, amoxicillin, tetracycline, and actinomycin D is shown in However, a direct cause and effect relationship 2.0 -300 between antibiotic resistance and prevalence of 2.0 -<300 gonococcal infection cannot be assumed on the 2.0 <300 basis of our data.
4.0 s300 Amoxicillin in vitro activity was greater 8.0 -300 than penicillin G activity against the most penat, tetracycline; amx, icillin-resistant gonococcal strains (Fig. 3) . This treptomycin effect has been observed with other broad-spectrum penicillins, especially ampicillin (12, 13) . Actinomycin D is not used to treat clinical infections due to its excessive toxicity. It was used in this study because of its chemical structure and mode of action, as well as its unique ability to provide a tool for studying the effects of an antibiotic to which the gonococci have never been previously exposed in vivo. There have been no previous reports of the susceptibility of N. gonorrhoeae to actinomycin D.
By plotting MIC values on scattergrams and calculating r values, we have shown significant positive correlations between antibiotic susceptibilities to penicillin G, tetracycline, and penicillin-versus-tetracycline MIC values. It is somewhat surprising that penicillin G MIC vala of South Caro-ues correlated more closely with those of tetradions by other in-cycline (r = 0.79) than with those of amoxicillin riations in anti-(r = 0.62), since penicillin G and amoxicillin The percentage are structurally related. We cannot explain this of penicillin-resistant strains (MIC > 0.3 ,ug/ ml) found in patients in the present study (32%) was significantly lower than the penicillin-resistant percentage of those tested in Philadelphia, Pa., in 1973 (54%) (11) . However, the percentage of penicillin-resistant isolates was higher than the latest reported national averages (17.4%) (6) . In addition, a higher percentage of penicillin-resistant strains was found in the Greenville-Anderson area than in any individual location examined by the cooperative national survey (6) . The percentage of gonococcal isolates resistant to tetracycline (MIC > 1.0 jig/ml) in the present study (23%) was slightly higher than the latest reported national average (14.0%) (6) . The percentage of tetracyclineresistant strains in the Greenville-Anderson area was also higher than those from the 1973 Philadelphia survey (7%) (11) on the basis of our experiment other than to point out that gonococcal strains that showed the highest levels of observed resistance to any one of these three antibiotics were resistant to the others as well.
Our demonstration that spontaneous mutants, selected for decreased susceptibility to penicillin G, were less sensitive to tetracycline and amoxicillin agrees with similar studies by Maness and Sparling (14) and Maier et al. (12) and supports the hypothesis that resistance to dissimilar antibiotics may be under the control of a common genetic mechanism.
Our hypothesis that small decreases in actinomycin D susceptibility were occurring in conjunction with decreases in penicillin G susceptibility was demonstrated by observing differences in the average number of CFU observed as standard inocula of wild-type and mutant N. gonorrhoeae cells were spread on a series of plates containing increasing concentrations of a specific antibiotic (Fig. 5 and 6 ). The results suggest that simultaneous decreases in susceptibility to penicillin G and actinomycin D in N. gonorrhoeae can occur as a result of one or several spontaneous mutations. The increased survival capabilities probably reflect decreases in susceptibility to each antibiotic in the mutant cultures, resulting in less selective pressure from the restrictive antibiotic plates. These decreases in susceptibility were most likely small because no changes in susceptibility were detectable by standard MIC procedures.
The most likely mechanism for common resistance to these two antibiotics would be a mutation, or possibly several distinct mutations, that affects the permeability properties of the cell envelope. Several investigators have proposed that differences in cell envelope permeability were responsible for spontaneous losses in antibiotic susceptibility to penicillin G and several other antibiotics in N. gonorrhoeae (5, 12, 14) . Also, bacterial resistance to actinomycin D has been found to result from differences in cell envelope permeability (7, 8, 10, 18) . A cell envelope permeability hypothesis for antibiotic resistance is supported by the fact that no enzymes have been found that actively degrade actinomycin D in bacterial cells (22) and by the observation that the gonococci do not produce penicillinase (16) . Alterations in specific target sites or transport systems as possible explanations for common resistance patterns are also unlikely due to the chemical and structural dissimilarity of the penicillin G and actinomycin D molecules. The lack of correlation between penicillin G and actinomycin D MIC values in clinical isolates is most likely due to the standard MIC procedure not being sufficiently sensitive to detect small changes in actinomycin D susceptibility. The results of the present study suggest that actinomycin D may be useful in the further study of multiple antibiotic resistance mechanisms in N. gonorrhoeae.
